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The term flavonoid is used for a class of plant chemicals known for their activity as highly potent 
antioxidants and accordingly their ability to protect the body against oxidative and free radical damage. 
Taxifolin has attracted our attention because it constitutes the flavonoid moiety in ‘milk thistle’ seeds. 
In this research, a novel optimization-extraction method of taxifolin from ‘milk thistle’ seeds has been 
developed. Total antioxidant content was measured to monitor the efficiency of the extraction under 
different experimental conditions (solid- liquid ratio, extraction time and extraction temperature 
/pressure). Response surface methodology based on numerical modeling was adopted for optimization 
of extraction procedures. High pressure liquid chromatograph (HPLC) analysis was applied to identify 
taxifolin and some other phenolics in the ‘milk thistle’ extract. Using this method allowed the develop-
ment of an empirical polynomial model for the production of antioxidants compounds from ‘milk thistle’ 
seeds. Application of such models is of great importance for pharmaceutical industries.  
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There is an increase in the use of complementary and 
alternative medicine (CAM), especially herbal therapy, 
among patients with liver disease. The most commonly 
used herbal agent is the seeds of the plant Silybum 
marianum. The seeds of the plant contain the highest 
concentrations of flavanolignans, a class of compounds 
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Abbreviations: CAM, Complementary and alternative 
medicine; MAE, microwaves assisted extraction; SFE, 
supercritical fluid extraction; ASE, accelerated solvent 
extraction; PAH, polycyclic aromatic hydrocarbons; PCB, 
polychlorinated biphenyl; FTC, ferric thiocyanate method; BBD, 
Box-Behnken experimental design; TAC, total antioxidant 
content; HWE, hot water extract. 
2002; Skottová et al., 2003; Sobolová et al., 2006). The 
flavanolignans, along with one dihyroflavanol are collec-
tively referred to as silymarin. Flavanolignans include 
silychristin, silydianin and the diastereomers silybinin A 
and B. Taxifolin, a dihydroquercitin, is a molecular precursor 
to the flavanolignans and is also included in the silymarin 
complex, as are the diastereomers isosilybinin A and B 
(Tittel and Wagner, 1977).  
Taxifolin is one of the most effective natural 
antioxidants (Lee et al., 2007).  The therapeutic benefits 
of Taxifolin were demonstrated in several studies, which 
showed the Taxifolin (Dihydroquercetin) acts in several 
ways to help avert cardiovascular disease. Scientists 
have demonstrated that dihydroquercetin inhibits lipid 
peroxidation, a process that often leads to 
atherosclerosis (Van et al., 2003, Potapovich and 
Kostyluk, 2003, Kravchenko et al., 2003 and Casaschi et 
al., 2004). A conjugated form of dihydroquercetin known 





cholesterol-lowering statin drugs such as Lipitor®, 
Zocor®, and Pravachol® (Chen et al., 2001). Recently, 
Vladimirov et al., 2009 proved that taxifolin 
(Dihydroquercetin) inhibits the free radical formation at 
key stages of apoptosis. 
In the move to reduce or eliminate the use of organic 
solvent and improve the extraction process, newer sample 
preparation methods such as microwaves assisted 
extraction (MAE), supercritical fluid extraction (SFE) and 
accelerated solvent extraction (ASE) have been 
introduced for the extraction of medicinal components of 
plant materials (Huie, 2002; Zygmunt and Namiesnik, 
2003; Rohner et al., 2004). Water is non-flammable, non-
toxic, readily available and an environmentally acceptable 
solvent. It has not yet received much attention as an 
analytical extraction solvent for plant materials because 
water is too polar to efficiently dissolve most organics that 
are associated with botanicals. It has been demonstrated 
that, raising the temperature with enough pressure to 
maintain the liquid state allows it to quantitatively extract 
a wide variety of organic solutes from many different 
matrixes. The ability of water to extract non-polar organic 
such as polycyclic aromatic hydrocarbons (PAH) and 
polychlorinated biphenyl (PCB) is linked to the fact that, 
the dielectric constant (polarity) of water can be reduced 
significantly with increasing temperature (Miller and 
Hawthrone, 1998; Lundstedt et al., 2000; Smith,  2002; 
Ong et al., 2006; Teo et al., 2008).   
It was aimed in this study to optimize the water 
extraction conditions of taxifolin under high pressure and 
temperature by implementation of statistical experimental 
design based on response surface methodology. This 
method represents a numerical model correlating 
relationship between the tested variables and various 
possible responses such as total extracted phenolics and 
the antioxidant activity. To the best of our knowledge, this 
is the first report on maximizing the recovery yield of 
taxifolin using numerical modeling in order to reduce the 
operation cost as well as avoiding degradation of the 
desired product. The measured responses are indicative 








High performance liquid chromatography (HPLC) grade solvents, 
including hexane, methanol and phosphoric acid 85% were 
obtained from Merck (Darmstadt-Germany). Linoleic acid, 
ammonium thiocyanate, ferrous chloride and ascorbic acid were 
obtained from Sigma-Aldrich, Germany. The silymarin standard was 
obtained from Mobaco-Co., Egypt and used as received. 
 
 
Pre-extraction sample preparation 
 
‘Milk thistle’ seeds were obtained from Mobaco-Co., Egypt. Seeds 
were crushed in a coffee grinder for 2 min with intermittent stops to 
prevent samples’ heating. The sample were wrapped and stored at-
18°C until the extractions were performed. 




In order to get rid of fats of the sample, 40 g of crushed seeds were 
soaked in 300 ml of hexane overnight. For extraction of defatted 
seeds they have been exposed to different physical treatments 
(trials) as implemented in the experimental design. 
 
 
Determination of antioxidant activity by the ferric thiocyanate 
method (FTC) 
 
The FTC method was adopted from Osawa and Namiki (1981) for 
determination of antioxidant activity. Samples (20 mgml
-1
) dissolved 
in 4 ml of 95% ( w/v) ethanol were mixed with linoleic acid ( 
2.51%V/V) in 99.5% (w/v) ethanol( 4.1ml), 0.05 M phosohate buffer 
pH 7.0 ( 8 ml) and distilled water ( 3.9) and kept in screw-cap 
containers at 40°C in the dark. To 0.1 ml of this solution was then 
added 9.7 ml of 75% (v/v) ethanol and 0.1 ml of 30% (w/v) 
ammonium thiocyante precisely, 3 min after the addition of 0.1 ml of 
20 mM ferrous chloride in 3.5% (v/v) hydrochloric acid to the 
reaction mixture. The absorbance at 500 nm of the resulting red 
solution was measured every 24 h until maximum absorbance 
value of the control was attained. The percent inhibition of linoleic 
acid per oxidation was calculated as:  
 
(%) inhibition= 100-((absorbance increase of the 
sample/absorbance increase of the control) X100)  
 
All tests were run in duplicate and analysis of all samples were run 





The analysis was done using a Beckman C18 column (100 × 4.6 
mm, 5 µm particle size), equipped with an autosampler, quaternary 
pump and a UV/Visible multi wavelength detector. The solvents 
were 0.5% phosphoric acid in 20% methanol (A) and 0.5% 






Response surface experimental design 
 
Optimization of extraction method was carried out according to 
response surface methodology (Box and Behnken, 1960). Box-
Behnken experimental design (BBD) implementing response 
surface methodology was conducted to locate the true optimum 
conditions for extraction by examining the following variables: Solid-
liquid ratio (X1), autoclaving extraction time (X2) and autoclaving 
pressure/temperature (X3). The major measured response was the 
total antioxidant content (TAC %), while other minor responses as 
extract’s weight and phenolic compounds were concomitantly 
measured. In this instant, a design matrix based on 15 trials 
involving three center points was constructed. Each variable was 
tested in three levels, coded as follows: -1, 0 and +1 for low, middle 
and high levels, respectively. The levels of each factor along with 
the coded are given in Table 1. The experimental results of the 
RSM were fitted with the second-order polynomial equation by the 














                                                           (1) 
 
Where, Y is the predicted response, B0, Bi, Bii, Bij are constant 
coefficients; xi and xj are the coded independent variables or 
factors. The quality of fit of the second-order model equation was 
expressed by the coefficient of determination  R
2
  and  its  statistical  









Solid/liquid ratio X1 Exposure time X2 Temperature/ pressure X3 
1 0 (1:7.5) 0 (30) 0 (121/1.2) 20.5 
2 1 (1:11) 0 (30) -1 (118/0.9) 8.4 
3 0 (1:7.5) 1 (40) 1 (127/1.5) 17.8 
4 1 (1:11) 0 (30) 1 (127/1.5) 7.6 
5 -1 (1:4) 1 (40) 0 (121/1.2) 5.5 
6 -1 (1:4) 0 (30) 1 (127/1.5) 38.3 
7 0 (1:7.5) 0 (30) 0 (121/1.2) 20.5 
8 1 (1:11) -1 (20) 0 (121/1.2) 0 
9 0 (1:7.5) -1 (20) -1 (118/0.9) 0.57 
10 -1 (1:4) -1 (20) 0 (121/1.2) 0.76 
11 -1 (1:4) 0 (30) -1 (118/0.9) 32.4 
12 0 (1:7.5) 0 (30) 0 (121/1.2) 20.5 
13 0 (1:7.5) 1 (40) -1 (118/0.9) 2.1 
14 1 (1:11) 1 (40) 0 (121/1.2) 3.6 
15 0 (1:7.5) -1 (20) 1 (127/1.5) 16.3 
 




significance was determined by an F-test. The significance of the 
regression coefficients was tested by a t-test. 
 
 
RESULTS AND DISCUSSION 
 
Due to the high polarity of compounds present in the 
extract and for fine measurement methodology, HPLC-
UV was used to identify those compounds. Figure 1 
illustrates the extraction chromatogram on using (a) 
ethanol and (b) water as extraction solvents. In case of 
water extraction, the two major extractable compounds 
were taxifolin and silychristin; whereas minor amounts of 
silybinins were detected. On the contrary, major peaks of 
silybinins and minor taxifolin peak were measured on 
using ethanol extraction.  
Apparently, the mono-structure of taxifolin seams to be 
more water soluble because of the five OH groups. 
Although the silybinins contains six OHs, it has two heavy 
molecular and more hydrophobic parts residing in the 
aromatic moieties that make it more extractable with 
ethanol than water. The better extractability of taxifolin by 
hot water over Soxhlet extraction was previously reported 
(Barreto et al., 2003). 
Other peaks in the chromatogram were not identified 
due to the lack of standards. Where they are assumed to 
be phenolic compounds in a sense, they contributed 
significantly to the total phenolics in the extract, since 
total measured phenolic concentrations were much 
higher than the sum of the individual phenolic concen-
tration identified and quantified by HPLC (data not 
shown). 
In order to optimize the operation conditions namely: 
Extraction exposure time, pressure and solid-liquid ratio, 
Box-Behnken experimental design was implemented 
measuring the percentage of total antioxidant content as 
response (TAC %). The choice of TAC as response came 
from the fact that the potential of biological activity of 
taxifolin is due to its antioxidant activity (Rogovskiĭ et al., 
2010). Statistical experimental designs methodology was 
previously implemented on extraction studies of S. 
marianum seeds (Liu et al., 2009; Zheng et al., 2009). 
Fifteen trials (including three replicates at the center 
points) experiment was randomized as detailed in Table 
1, to maximize the TAC% through standard regression 
analysis. Table 1 represents the design matrix of this 
experiment along with the experimental results. TAC% 
was determined according to Osawa and Namiki (1981) 
and considered as the response in the optimization 
process.  
Multiple regressions were performed to fit the 
experimental response data to the theoretical polynomial 
model (see materials and methods) with the experimental 
data. The analysis of variance for the three variables 
(solid-liquid ratio, extraction time and pressure) indicated 
that, antioxidant activity can be well described by a 
polynomial model with a relatively high coefficient of 
determination (R
2
 = 0.80). The value of the determination 
of coefficient suggests that, only about 20% of the total 
variations are not explained by the model. The statistical 
analysis of the full model in Table 1 shows that, extrac-
tion pressure has a positive influence on the measured 
antioxidant activity, whereas solid-liquid ratio had a 
negative significant effect. Interactions between tested 
variables, although not significant, had negative effect on 
the measured antioxidant activity. The polynomial model 
correlating the relationship between the three independent 
variables  and   the   total   antioxidant   content   percentage 
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Figure 1. HPLC gradient elution chromatogram and UV analysis of ‘milk thistle’ seeds 















Where, X1, X2 and X3 represent codified values for 
solid/liquid ratio, extraction time and temperature /pressure, 
respectively. The residual analysis of the data (not 
shown) concludes that, the model accurately represents 
data in the experimental region (Strobel and Sullivan, 
1999). 
The optimum level of each variable was predicted using 
the non-linear optimization algorithm of Microsoft excel 
solver tool. As represented by coded levels, the optimum 
point that brings maximum total antioxidant content 
(38.4%) was obtained using the following conditions: 
Solid/liquid ratio at -1 (1:4), extraction time at 0.054 (30 
min) and temperature/pressure at +1 (1.5 psi). 
Based on the model, the effect of each factor can be 
predicted separately and presented graphically as a 
partial-effect function. Partial-effect plot describes how 
the response moves as the level of that variable changes. 
The over-layed partial-effects of variables on antioxidant 
content are presented in Figure 2, where solid/liquid ratio 
has significant effect on TAC%. With extraction time, the 
measured response increased gradually until the coded 
value of extraction time reached 0 and decreased after 
the extraction time level  became  higher  than  its  coded  
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Figure 2. Partial-effects plot as a function of solid/liquid ratio (), extraction time () 




level of 0. In addition, the difference between responses 
at minimum and maximum extraction time levels is 
relatively big (20.8 and 38.3%). Increasing the levels of 
temperature/pressure and decreasing the solid/liquid ratio 
results in decreasing the total antioxidant content. 
Three-dimensional response surfaces presented in 
Figure 3 for the independent variables were obtained by 
keeping two variables constant, which indicated the 
changes in total antioxidant content under different 
extraction conditions. Figure 3b shows non-additive 
effects of solid-liquid ratio and pressure due to the 
significant interaction between them. In Figure 3a and c, 
it is to be seen that the effects of pairs of factors were 
additive since there are no interactions except the solid-
liquid ratio and pressure interaction. By additively of the 
two-factor effects, it is meant that the effect of one factor 
on the response does not depend on the level of the 
other factor. In Figure 3a, it is obvious that maximum 
response was attained at moderate levels of extraction 
time (30 min) and 1:4 solid-liquid ratios (lower level). 
Figure 3c illustrates that, increasing pressure value to 1.5 
at moderate extraction time led to maximum antioxidant 
activity. The optimum point deduced from Figure 3 is in 
accordance with the mathematically calculated optimum 
point. 
Increasing temperature results in increasing the 
solubility of flavonoids especially on using water as 
solvent (Kwon et al., 2003). This is also in agreement 
with Zheng et al. (2009) findings, as they concluded 
optimum silymarin extraction in a microwave-assisted 
extraction with ethanol. 
Validation of optimum point 
 
The adequacy of the model was examined by an addi-
tional experiment using the derived optimal conditions. 
The predicted value was 38.4% and the experimental 
value was 39%. This is approximately 95% of the 
predicted value, which indicates that, the generated 






The recovery of ‘milk thistle’ compounds generally 
involves two steps, de-fatting and extraction. The current 
work removed the lipids by hexane, as shown in the pre-
extraction sample preparation step. This step is important 
as it has been proven by Wallace et al. (2003), where 
they recorded that the defatted material yields twice the 
extract concentration of the whole seeds’ extract.  
Traditionally, the second step involves extraction using 
organic solvents, which was replaced in our study by 
water. Hot water attracted the attention of Duan et al. 
(2004) who were the first group to use it instead of 
organic solvents. Their approach was to search for a 
milder and greener solvent. They succeeded in reducing 
the extraction time from 200 to 55 min upon increasing 
the temperature from 100 to 140°C. Unfortunately, at 
140°C, severe degradation of unprotected silymarin 
compounds was recorded. In the present study, to avoid 
the earlier mentioned degradation, the autoclave was  run  






Figure 3. Three dimensional response surfaces for the effect of extraction conditions 
on TAC%. 










at temperatures ranging from 118 to 127°C. Conse-
quently, the extraction time decreased to 30 min, as 
shown in the results. The results of Wallace et al. (2007) 
support the use of water in place of organic solvents for 
flavonoids’ extraction. Conclusively, the study proved that 
the hot water extract (HWE) could be used to extract 
flavonolignans from ‘milk thistle’ without the cytotoxic 
effects associated with using the traditional organic 
solvent ethanol. 
The response surface methodology allowed the 
development of an empirical polynomial model for the 
production of antioxidant compounds from ‘milk thistle’ 
seeds using water extraction method under high pressure. 
The model was able to foresee confidently the antioxidant 
activity by changing provided physical parameters. Appli-
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